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ABSTRACT 


Daily  doses  of  30  mg  of  primaauino  cause  severe  hemoly 
sis  in  G6PD  deficient  Caucasians.  Effective  weekly  dosages  of 
43  mg  of  primaquine  and  300  -mg  of  chloroquine  do  not  cause  s^i 
gnificant  hemolysis  In  G6PD  deficient  Negroes.  In  order  to  in¬ 
vestigate  the  upper  limits  of  safety  to  primaquine,  the  effect 
of  this  standard  weekly  dose  on  G6PD  deficient  Caucasians  was 
studies.  Seven  sensitive  Sardinians  had  significant  hemolytic 
crises  after  a  single  weekly  administration  of  the  drugs.  There 
was  a  drop  in  the  hematocrit,  a  shortened  survival  of  51Cr 
tagged  red  cells,  with  an  average  destruction  of  400  ml  of 
red  cells.  G6PP  deficient  51Cr  tagged  red  cells  belonging  to 
some  of  these  subjects  transfused  into  normals,  receiving  the 
reafter  weekly  doses  of  primaquine,  were  rapidly  destroyed, 
convalidating  the  sensitivity  to  primaquine.  Three  G6PD  defi- 
cient^Sardinians  did  not  show  any  hemolysis  after  ingestion 
of  weekly  doses  of  primaquine.  Their  red  cells,  however, 
transfused  into  normals,  who  r  ccived  standard  weekly  doses 
of  ant imalari al • drugs ,  were  also  rapidly  destroyed.  Investiga 
tions  should  establish  if  environmental  factors  (faulty  abser 
ption  of  primaquine,  different  metabolic  breakdown  of  the  drug) 
or  metabolic  differences  in  the  G6PD  deficient  red  cells  are 
responsible  for  this  peculiar  •  behavior.  As  far  as  the  protective 
role  ofSH  donor  drugs  is  concerned,  preliminary  clinical  stu 
dies  have  failed  to  show  any  significant  protective  action  o7 
these  drugs. 

The  apnarent  in  vitro  protective  obtained  by  preincuba 
ting  normal  'act  red  cells  with  cysteine  cr  cysteamine  prior 

tc  the  exp  >'  f  the  cells  tr-  NEM,  c  uld  possibly  be  ascribed 

to  chemise  reactions  between  the  two  compounds. 
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Aims 

The  antimalarial  action  of  primaquine  is  well-known: 
daily  doses  of  30  mg  have  a  uniaue  ability  in  preventing  and 
treating  malaria.  This  therapeutic  action  has  usually  no 
side  effects,  with  the  exception  of  Negroes  and  Caucasians 
with  red  cell  G6PD  deficiency. •  In  G6PD  deficient  Negroes  the 
daily  administration  of  30  or  15  mg  of  primaquine  induces  a 
self-limited  hemolytic  crisis  (1).  In  G6FD  deficient  Cauca¬ 
sians  the  problem  is  somewhat  different:  the  enzymatic  defect 
of  the  red  cells  being  more  severe,  the  daily  administration 
of  30  mg  of  primaquine  induces  serious  hemolytic  episodes  in 
which  old  and  yo\mg  red  cells  are  destroyed.  (2)  The  hemo¬ 
lytic  ability  of  primaquine  on  G6PD  deficient  Negroes  has 
stimulated  some  investigators  to  study  if  weekly  dosages  of 
the  antimalarial  drug  could  nullify  its  hemolytic  side  effect. 
On- this  assumption  Alving  and  associates  (3)  have  worked  out 
a  therapeutic  scheme  of  weekly  dosages  of  45  mg  of  primaouine  . 
and  300  mg  of  chlcroauine  which,  while  still  preserving  an 
effective  antimalarial  action,  had  little  if  any  hemolytic 
effect  on  G6FD  deficient  Negroes.  Tbe  absence  of  clinical 
signs  of  hemolysis  when  using  the  above-mentioned  doses  of 
primaquine  and  chloroquine  has  been  confirmed  by  Ziai  and 
Eowmann  on  Iranians.  (4)  Their  study,  however,  wa3  based 
essentially  on  the  determination  of  the  hematocrit  level  on  a 
monthly  basis,  and  on  the  presence  or  absence  of  evident  cli¬ 
nical  signs  of  hemolysis. 

It  was  thought  worthwhile,  therefore,  to  undertake  an 
investigation  on  the  action  of  weekly  dosages  of  primaquine 
and  chloroquine  on  G6PD  deficient  Sardinian  males  who,  as 
already  stated,  have  an  extremely  severe  deficiency  of  the 
red. .cell  enzyme,  and  whose  greater  susceptibility  to  antimala 
rial  drugs  has  already  been  ascertained. 

In  "vivo"  studies  on  the  possible  protective  effects 
of  sulphydril  donor  drugs  or  EDTA  on  sensitive  Sardinians  and 
on  G6PD  deficit nt  red  cells  transfused  into  normal  recipients 
who  received  thereafter  antimalarial  drugs,  were  also  under¬ 
taken.  Collateral  investigations  on  the  action  of  these  pro 
tective  drugs  on  NEM  damaged  normal  red  cells  "in  vitro"  were 
performed  in  order  to  better  understand,  if  possible,  the  re¬ 
lationship  between  oxidizing  drugs,  normal  cr  G6PD  deficient 
red  cells,  and  SH  donor  compounds. 


Methods  ;nd  Materials 


laboratory  studies 

Hematocrit,  hemoglobin  and  blood  group  determinations 
were  performed  according  to  standard  procedures. 

Red  blood  colls  were  tagged  with  radioactive  sodium 
chromate  according  to  the  technique*  of  Mollison  and  Veall.  (5) 
The  radioactivity  of  the  blood  samples  was  measured  in  a  veil 
scintillation  counter. 

Erythrocytic  G6PD  was  measured  according  to  the*  method 
of  Kornbcrg  and  Horeckor.  (6)  SH  groups  were  determined  by 
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the  method  of  Eeutler  and  ass.  (11)  G6P'  Na  salt,  NADP  Na 
salts  were  preparations  of  Boehringer  ft  Co, 

NEM  and  DTT  (Clealand’s  reagent)  were  prepared  by 
r  K  ft  K  Lab,  i  , ' 

L-cysteine  and  cysteamine  were  prepared  by  VLUKA. 

EDTA  was  prepared  by  C.  Erba,  Milan. 

Clinical  studies 

(1)  Ten  Sardinian  males  with  G6PD  deficiency  of  their 
red  cells,  and  four  Sardinian  males  without  red  cells  abnorma 
lities  volunteered  for  these  studies,  fhelr  red  cells  were 
tagged  with  51Cr  and  after  the  baseline  assessment  of  the  red 
cell  survival,  both  normal  controls  and  G6PD  deficient  Sardi¬ 
nians  received  one  or  more  weekly  doses  of  45  mg  of  primaquine 
and  300  mg  of  chloroqulne.  These  were  the  standard  doses  used 
throughout  this  study  if  not  otherwise  stated. 

(2)  G6PD  deficient  red  cells  belonging  to  9  Sardinian 
males,  tagged  with  51Cr,  were  transferred  into  normal  subjects 
with  compatible  blood  groups.  The  recipients  received  there¬ 
after,  weekly  dosages  of  primaquine  and  chloroqulne  (45  mg  and 

..  300  mg)  once  the  baseline  survival  of  the  transfused  G6PL  defi 
.client red  cells  had  been  assessed. 

;  (3)  Normal  recipients,  in  whom  51Cr  tagged,  G6PD  defi¬ 
cient  red  cells  had  been  transfused,  received  before,  during, 
end  after  the  weekly  administration  of  the  antimalarial  drugs, 
l-cysteine,  cysteamine  or  EDTA. 

L-cysteine  was  administered  in  daily  oral  doses 
of  1  gm  Cysteamine  was  given  perenterally  in  daily  doses  of 
600  mg.  EDTA  was  administered  intravenously  in  daily  doses  of 
2  gm. 

Results 

Clinical  Studies 

(1)  Three  normal  Sardinians,  without  red  cell  G6PD 

deficiency,  received  3  weekly  dosages  of  primaquine  and  chloro 
quinc  (45  and  300  mg  respectively).  No  hemolysis  was  observe*!. 
The  survival  of  their  51Cr  tagged  red  cells  was  28,  22,  and  27 
day 8  (fig.  1).  • 

(2)  Seven  out  ten  G6PD  deficient  Sardinian  males,  trea 
ted  with  the  standard  dosage  of  antimalarial  drugs,  had  defi-” 
nite  hemolysis,  which  could  be  evaluated  both  by  51Cr  tagged 
red  cell  survival  and  change  in  the  level  of  the  hematocrit 
(fig.  2-3-4  -5-6-7-  8).  In  only  one  case  (C.  A.)  the 
disappearance  of  the  51Cr  tegged  red  cells  from  the  circulation 

_  was  not  accompanied  by  significant  changes  in  the  level  of  the 
hematocrit  (fig.  5).  In  these  seven  cases  the  primaauine-chlo 
roquine  preparation  was  administered  only  once  in  three  casesT 
twice  in  three  cases,  and  three  times  in  one  case. 

(3)  In  three  G6PD  deficient  Sardinian  males  repeated 
weekly  administrations  of  primacruine-chloroauine  (45  mg  and 
300  mg)  didn’t  produce  any  red  cell  destruction  which  could  be 
evaluated  by  ch?mges  in  hematocrit  or  51Cr  tagged  red  cell  sur 
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vival  (fig.  9  -  10  -  11). 

(4)  In  the  seven  Sardinian  males  who  developed  hemo¬ 
lysis,  the  mean  survival  of  the  51Cr  tagged  red  cells  before 
the  administration  of  the  antimalarial  drugs,  was- 21.8  days 
(table  1).  Is  only  one  case  the  51Cr  T/2  was  12  days  although 
the  hematocrit  level  was  normal.  After  the  administration  of 
the  primaquine-chloroquine  preparation  (45  mg  and  300  mg),  the 
mean  51Cr  T/2  of  all  seven  cases  was  8.7  days.  The  mean  per¬ 
centage  of  all  red  cells  hemolyzed  was  19  percent  if  calcula¬ 
ted  on  the  hematocrit,  levels,  and  24  percent  if  calculated  on 
51Cr  survival  data, -The  amount  of  red  cells  destroyed  in  the 
hemolytic  crisis  in  three  cases  in  which  the  red  cell  mass 
could  be  calculated  was  450  ml  (S.A.),  390  ml(F.U.),  and  350 
ml  (M.r. ).  One  G6PD  deficient  Sardinian  male  (F.U.)  received 
twice  a  single  weekly  dose  of  primaquine-chloroquine  (45  mg 
and  300  mg)  (fig.  7),  the  first  dose  being  administered  toge¬ 
ther  with  EDTA  intravenously ,  the  second  one  with  1-cysteine 
orally.  Each  time  the  antimalarial  drugs  have  caused  hemoly¬ 
sis  with  a  51Cr  half  life,  compared  to  that  of  the  other  su¬ 
sceptible  cases  receiving  the  same  dosages  of  antimalarial 
drugs. 

(5)  G6PD  deficient  red  cells  to  be  transfused  into  nor 
mal  recipients  who  received  primaquine,  were  drawn  from  sensi"” 
tive  Sardinian  males  belonging  to  the  following  groups: 

a)  G6PD  .deficient  Sardinian  males  who  were  susceptible  to  the 
drug  (point  2);  b)  G6PD  deficient  subjects  who  did  not  show 
any  hemolysis  after  receiving  the  weekly  dosage  of  primaquine 
(point  3);  c)  G6PD  deficient  subjects  who  were  not  treated 
with  primaquine. 

In  all  normal  recipients  (table  2,  fig.  12)  the  admi¬ 
nistration  of  the  primaquine  chloroquine  preparation  caused  a 
clear-cut  shortening  of  the  survival  of  the  transfused,  sensi 
tive  red  cells.  :Aean  red  cell  survival  during  the  baseline  ~ 
period  was  21.2  days;  after  administration  it  decreased  to  a 
mean  value  of  7.1  days.  After  a  mean  period  of  hemolysis  of 
4  days,  the  survival  of  the  remaining  tagged  sensitive  cells 
was  normal  or  even  longer  than  normal,  probably  owihg  to  the 
destruction  of  the  older  cells.  The  mean  percentage  of  the 
red  cells  hemolyzed  was  31  percent. 

(6)  .  G6PD  deficient  red  cells  were  transfused  into  nor¬ 

mal  recipients  who  received  EDTA,  cysteine  or  cysteamine,  be¬ 
fore  $nd  during  the  administration  of  the  standard  dose  of  an¬ 
timalarial  drugs.  Nc  clear-cut  modification  of  the  hemolytic 
action  of  primaquine  could  be  observed  in  these  cases  (fig.  9 
and  12).  .  1Q7 

(7.)  Normal  red  cells  were  damaged  with  BMHP-HgJ'y' 

(which  inhibits  the  GSH  groups  of  the  red  cell  surface)  and 
transfused  into  the  normal  donors,  some  of  whom- received  intra 
venous  infusions  of two  grams  of  Vit.  C.  The  infusions  were 
begun  twenty  minutes  before  the  injection  of  the  damaged  cells, 
and  lasted  for  at  least  an  hour.  No  difference  in  the  half 
life  of  the  damaged  cells,  with  or  without  the  administration 
cf  Vit.  C.  could  be  observed. 
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Experimental  Studies 

(1)  Investigations  by  Kirkman,  Chung,  and  ass.  (7-8) 
have  demonstrated  that  sulphydril  inhibitors  inhibit  also  G6PD. 

It  was  essumed  therefore,  that  by  treating  normal  red  cells 
with  NEM,  it  is  possible  to  obtain  red  cells  similar  to  G6PD 
deficient  cells  treated  with  oxidative  drugs.  The  possible  pro 
tective  role  of  some  SH-donor  drugs  (DTT,  cysteine,  cvsteamine, 
and  GSH)  on  such  cells  was  studied  in  vitro.  The  following 
result 8  were  obtained: 

a)  NEM  inhibits  G6PD  activity  both  in  hemolysates  and 
in  intact  normal  red  cells,  (table  3) 

b)  Preincubation  of  red  cell  hemolysates  with  DTT, 
cysteine,' or  GSH  preserves  the  G6PD  activity  from  NEM's  inhi¬ 
bitory  action,  (table  4)  On  the  contrary,  once  the  inhibition 
of  G6PD  activity  by  NEM  was  established,  DTT  was  unable  to 
restore  the  enzymatic  activity,  (table  5) 

c)  Ptfeincubation  of  normal  intact  red  cells  with  cyste^ 
ne  prevented  the  inhibitory  action  of  ITEM.  On  the  contrary,  ” 
once  the  inhibition  by  NEM  of  G6PD  activity  of  the  intact  nor 
mal  cells  was  established,  the  subsequent  addition  of  cysteine 
or  cysteamine  was  unable  to  restore  the  enzymatic  activity  cf 
the  cells,  (table  6) 

(2)  Red  cells  of  normal  rats  incubated  with  NEM  and 
tagged  with  51Cr,  were  transfused  into  the  animals,  a  group  of 
which  was  previously  injected  with  500  mg  of  Vit.  C  or  50  mg 
cf.  cysteine.  After  20  hours  the  rats  were  sacrificed  and  the 
radioactivity  of  the  spleen,  the  liver,  heart,  lungs,  and  car 
cass  was  measured.  Preliminary  results  do  not  show  signifi-“ 
cant  differences  in  the  distribution  of  radioactivity  between 
treated  and  untreated  animals. 

Discussion 

These  studies  suggest  that  in  the  greater  part  of  G6PD 
deficient  Caucasians,  the  administration  of  single  weekly  dosa 
ges  of  45  mg  of  primnauine  and  300  rag  of  chloroauine  induces  ” 
destruction  of  red  cells,  with  changes  in  the  hematocrit  level, 
bilirubinemic,  and  reticulocyte  number. 

The  severity  of  the  hemolytic  crisis  differs  among  the 
sensitive  subjects:  some  of  them  3h  wed  a  marked  hemolysis  with  a  sen 
sible  drop  in  the  hematocrit  levels.  In  three  cases  the 
amount  of  the  rod  cell  mass  destroyed  has  been  calculated  tc 
be  about  <J0  ml. 

Transfusions  of  G6FD  deficient  rod  cells,  belonging  to 
this  group  of  subjects  or  to  other  sensitive  Caucasians,  into 
normal  recipients  receiving  thereafter  one  or  more  single 
weekly  doses  of  primnouire,  have  been  performed.  The  suscepti 
bility  to  heme  lysis  of  Caucasians  to  standard  weekly  doses  of“ 
antinnlarinl  dri^s  was  fully  convalidated  also  from  a  quantita 
tive  point  of  view.  In  some  recipients  repeated  administra-  ” 
tions  of  weekly  doses  of  45  mg  of  primaquine  caused  red  cell 
destruction  at  each  ingestion. 
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Weekly  doses  of  primaquine  didn't  cause  any  change  in 
survival  of  51Cr  tagged  red  cells  or  in  hematocrit  levels  in 
three  aot  of  ton  G6PD  deficient  Caucasian  males.  The  peculiar 
behavior  of  these  three  subjects  may  be  possibly  related  to: 
a)  faulty  absorption  of  the  single  dose  of  primaquine;  b)  dif 
ferc-nt  metabolic  breakdown  cf  the  drug;  c)  a  different  metabc 
lie  pattern  of  the  G6PD  deficient  red  cells  of  these  subjects. 
The  red  cells  cf  two  of  these  same  subjects,  when  transfused 
into  normal  recipients  whe  receiv.  d  45  or  60  mg  of  primaquine 
per  week,  underwent  a  significant  destruction.  This  fact 
would  suggest  the  possible  existence  of  environmental  factors 
rather  than  metabolic  differences'  of  the  red  cells. 

Investigations  are  in  progress  in  order  to  possibly 
elucidate  this  problem. 

The  results  here  reported  are  similar  to  those  descri¬ 
bed  by  George  and  ass.  (9)  These  authors  have  described  heme 
lytic  crises  following  the  ingestion  of  a  single  45  mg  tableT 
cf  primaquine  in  two  G6PD  deficient  Caucasians.  Two  other 
Caucasians  had  ingested  primaquine  in  weekly  dosages  for  some 
months  without  developing  hemolytic  crises.  These  two  latter 
cases  seemed  to  behave  like.-  our  G6PD  deficient  Sardinians  who 
received  several  doses  of  primaquine  without  developing  hemo¬ 
lysis. 

As.  f-  r  as  the  possible  protective  role  of  SH  donor 
drugs  is  concerned,  preliminary  clinical  studies  have  failed 
to  show  any  significant  protective  action  of  these  drugs. 

The  apparent  "in  vitro"  protective  effect  obtained  by- 
incubating  normal  intact  red  cells  with  cysteine  or  cysteaminc 
prior  to  the  exposure  cf  the  cells  to  NEM,  could  be  ascribed 
to  chemical  reactions  between  the  two  compounds.  (10) 
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TABLE  2 

Studies  with  51Cr  tagged  red  cells  belonging  to  G6PD  deficient  Sardinians* 
transfused  into  normal  recipients 


“  r-n  . 


No; 

Cases 

Baseline 
51Cr  T/2 
(days) 

51Cr  T/2  after 
primaauine 
(days) 

Duration  of 
hemolysis 
(days ) 

R.b.c.  hemolyzed 
percent  calculated 
from 

51Cr  T/2  Ht  level 

1 

la 

16 

6 

5 

31 

.  .  19.5 

2 

lb 

28 

10 

- 

-• 

- 

3 

3a 

16 

3 

3 

46 

•  •  15 

4 

3b 

22 

9 

- 

- 

.  - 

5 

3c 

16.5 

7 

.. 

- 

.  _ 

6 

6a 

17 

7 

4 

21 

•  •  n.d. 

7 

6b 

18 

9 

- 

- 

- 

8 

7a 

22.5 

1.5 

2 

68 

•  •  48 

9 

-  7b 

-  23 

-  3.5 

4 

45 

•  n.d. 

10 

8a  0 

-  - 

- 

- 

- 

- 

11 

8b 

-  17 

10.5 

9 

31 

•  n.d. 

12 

8c 

20 

9 

- 

- 

- 

13 

10a 

23 

5.5 

3 

25 

40 

14 

L.E.  a 

i  16 

4 

2 

8 

n.d. 

15 

l 

>  26.5 

10 

5 

18 

40 

16 

c 

:  22.5 

9.5 

4 

16 

48 

17 

C .G.  s 

i  21 

10.5 

- 

- 

- 

18 

l 

)  21 

3 

3 

48 

n.d. 

19 

c 

s  34 

10 

4 

20 

24 

0  30  mg  twice 
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TABLE  1 

51Cr  red  cell  survival  studies  in  ten  G6PD  deficient  Sardinians 


No. 

Name 

Baseline 
51Cr  T/2 
(days) 

51Cr  after 
primaquine 
(days) 

Duration  of 
hemolysis 
(days) 

R.b.c.  hemolyzcd 
percent  calculated 
from 

51Cr  T/2  Ht  level 

1 

C.P. 

29 

10.5 

9 

33 

16 

2 

P.  G.  M. 

18 

10 

- 

- 

- 

3 

S.  A. 

24 

7 

6 

30 

29 

4 

C.  A. 

28 

11.5 

- 

- 

- 

5 

F.  G. 

12 

7.5 

- 

- 

20 

6a 

P.  U. 

19 

7.5 

4 

20 

15 

6b 

fl 

- 

7 

2 

18 

- 

7 

M.  P. 

23 

7 

3 

19 

16 

8 

G.  L. 

24 

24 

- 

- 

- 

9 

C.  I. 

21 

21 

- 

- 

- 

10 

N.  G.  A. 

21 

21 

— 

_ 

— 
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TABLE  3 


G6PD  activity  in  normal 
r.b.c.  after  incubation 

r.b.c.  hemolysates  and  in  intact  (°)  normal 
with  different  concentrations  of  NEM 

NEM  ym/ril 

G6PD 

hemolysate 

activity  percent 

intact  r.b.c. 

0 

100 

100 

0.05 

82 

/ 

rH 

o 

72 

/ 

0.25 

19 

/ 

0.50 

11 

78 

1.00 

0 

65 

2.00. 

/ 

30 

5.00 

/ 

0 

10 . 00 

/ 

•0 

(°)  nftor  incubation  of 
1?  m',  activity  was 

the  intact  r^d  colls  with  NEM  at  37°C  for 
determined  n  the  hemolysate 

TABLE  4 

G6FP  activity  in  normal 
of  Nom,  nd  with  DTT  or 

r.b.c.  Inc  lys' t* s  incubated  with  0.5  um/ml 
cystcamiru  in  various  concentrations 

DTT  or  cysteamine 
concentrations 
pin/ ml 

G6PD 

ir.  the  pri  oence 
.  f  ])TT 

activity  percent 

in  the  presence 
of  cystuamim 

0.5 

88 . 5 

4  3 

1 

/ 

55 

2 

80.5 

61 

5 

101.  ? 

75 

10 

97.1 

10C 

/ 


50 


80 


10 


TAELE  5 

G6PD  activity  of  normal  rod  coll  hemolysatcs,  preincubated  with  NIjXl 
DTT,  followed  by  the  incubation  of  DTT  or  NEM 

Preincubaticn  with:  G6PD  activity  Incubation  with:  G6PD  activity 

percent  percent 

NEM  0 . 5  ura/ml  0 . 5  ITT  5  um/nl  0 . 4 

PTT  5  pm/nl  101  NEM  0.5  pm/nl  .  58 


T-  EXE  G 

G6PD  activity  -f  n  rraal  intact  r.b.  cells  preincubated  with' NEM  or 
cysteine  (at  various  concentrations) ,  followed  by  incubation  with 
cysteine  or  NEM 

Preincubatit  n  with:  G6PD  activity  Incubaticn  with:  G6PD  activity 

Percent  percent 


intact 

r.b.c. 

4- 

NEM 

5  pn/ni 

0.0 

+Cyst 

eine  50  pm/nl 

0 

intact 

r .  b.c . 

+ 

cysteine 

10  un/ml 

102 

+NEM 

5  pn/ml 

16 

intact 

r.b.c. 

+ 

cysteine 

15  un/ml 

log 

+NEM 

5  pm/ml 

30 

intact 

r.b.c. 

+ 

cysteine 

30  un/ml 

112 

+NEM 

5un/  ml 

70 

intact 

r.b.c. 

+ 

cysteine 

50  pin/nl 

120 

+NEM 

5  pm/ ml 

123 

23 
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